We have isolated the SOX8 gene from the chicken embryo. This gene shows a high degree of sequence homology to SOX9 and SOX10. Detailed analysis of SOX8 expression by whole-mount in situ shows a dynamic and restricted expression pattern during chick development. SOX8 is expressed in the somitic derivative, the dermomyotome, the developing heart, pancreas, enteric neurone system, limb and the neural tube. This is the ®rst detailed expression analysis of SOX8 in any species q
SOX genes are a family of putative transcription factors, which share a conserved DNA binding domain, the HMG box (for a review, see Wagner, 1999) . This gene family plays a crucial role in the development of a wide variety of tissues during embryogenesis. Mutations in SRY, SOX9 and SOX10 have been shown to cause XY sex reversal Sinclair et al., 1990) , campomelic dysplasia (Foster et al., 1994; Wagner et al., 1994) and Waardenburg±Hirschsprungs syndrome (Pingault et al., 1998) , respectively. SOX genes are classi®ed as has having .60% homology to the HMG box of SRY, which is the ®rst gene identi®ed in this gene family. Twenty-seven mammalian SOX genes have been identi®ed to date. We have isolated the complete coding sequence of SOX8 and have analyzed its expression pro®le during chick development. Previously, SOX8 was only de®ned by a HMG box in mouse. This is the ®rst detailed analysis of SOX8 expression in any species.
The chicken SOX8 gene encodes a putative 470 amino acid protein. Only the HMG box region is known for mouse Sox8 (acc: Z18957). No human orthologue has been published to date. Comparison between the mouse and chicken amino acid sequence (HMG box region) revealed one conservative amino acid change. The isolated chicken cDNA was identi®ed as SOX8 on the basis of the HMG box homology to the mouse sequence. A database search showed chicken SOX8 had high amino acid sequence similarity to trout SOXP1 (84% similarity) (acc; D83256), with 100% amino acid homology within the HMG box. This trout gene is presumed to be the orthologue of SOX8. Limited expression data has been published on SOXP1 in the trout (Ito et al., 1995) . SOX8 is a member of the SOX gene family subgroup E, comprising: SOX9 and SOX10. All three genes share a high degree of homology and appear to have conserved intron and exon boundaries (Fig. 1) .
Whole-mount in situ hybridization analysis using a chick SOX8 riboprobe was performed on stage 11±stage 32 chick embryos. SOX8 expression was observed in a wide variety of tissues during embryogenesis. In stage 11±13 embryos, SOX8 was expressed on the dorsal side of the anterior neural tube; a region which corresponds to the site of neural crest cells ( Fig. 2A) . SOX8 expression was also associated with the enteric neurones of the gut (duodenum) (Fig. 2B,C) . Interestingly, SOX10 is also associated with the enteric neurones in glia cells . SOX8 expression was observed in discrete regions in the developing pancreas (Fig. 2B,C) . At stage 24, SOX8 was expressed in the putative nerve entry points of the developing spinal cord, which was observed as a line of broken dots on either side of the neural tube (Fig. 2D) . A transverse section through the torso of a stage 27 chick embryo, showed strong expression of SOX8 in both the putative nerve entry and exit points in the developing spinal cord (Fig. 2E ). In addition, SOX8 was weakly expressed in the dorsal root ganglia (Fig. 2E) . Two strong bands of SOX8 expression were seen in the ventricular layer of the neural tube (stage 27) (Fig. 2E) . The bands of expression did not appear to include the¯oor plate. At stage 20 and 24, expression was also observed in the craniofacial mesenchyme which contains cells of neural crest origin (Fig. 2F,G) . SOX8 was strongly expressed in the most distal developing tail somite pair at stages 20 and 21 (Fig. 2H) . Prior to somite formation in the tail region, SOX8 appeared not to be expressed in other (non-tail) newly formed somites. At stage 32, SOX8 was expressed in the epicardium of the developing chick heart (Fig. 2I,J) .
The somites differentiate into the sclerotome and dermomyotome. The closest relative of SOX8, SOX9, is known to be expressed in the sclerotome. SOX9, a known transcription factor, directly regulates Col2a1 (collagen type 2A) (Bell et al., 1997) . The activation of Col2a ultimately leads to formation of the skeletal structures in the embryo. Interestingly, SOX8 expression was observed in the adjacent dermomyotome, a precursor of the musculature (Fig. 2K,E) .
Cells from the dermomyotome migrate to form the muscle precursors of the limbs and those along side the spinal cord. Both muscle populations expressed SOX8. During stages 19±21, SOX8 expression was restricted to the anterior portion of developing limbs (Fig. 2L) . By stage 24, the SOX8 expression pattern became more uniform as the limb differentiated (Fig. 2F) . This expression was maintained in the developing limb muscles as seen in stage 27 (Fig. 2M ) through to stage 31 embryos (the latest limb stage analyzed) (Fig. 2N) . SOX8 transcripts were also observed in the tips of the developing digits from stage 27 (Fig. 2N,O) .
SOX8 is expressed in a wide variety of tissues during chick embryogenesis and is a member of a gene family known to be involved in critical developmental processes. Fig. 1 . Amino acid alignment of chicken SOX8, SOX9 and SOX10 (subgroup E). Red arrows indicate the position of the introns identi®ed in SOX8. In all species where the genomic structure of subgroup E genes have been analyzed, the intron exon boundaries have been conserved. The blue box designates the HMG box, dark grey shading indicates identical amino acids, light grey shading shows conservative amino acid changes. Accession numbers; cSOX8; AF228664, cSOX9: P48434, cSOX10; AAD38050. cm, craniofacial mesenchyme; d, duodenum; dm, dermomyotome; drg, dosal root ganglia; en, enteric neurones; ep, epicardium;¯, forelimb; g, gut; hl, hindlimb; h, heart; l, liver; m, muscle; nt, neural tube; np, nerve entry / exit points; op, otic placode; ov, otic vesicle; p, pancreas; s, somite; vz, ventricular Further study of SOX8 will help elucidate the role of this gene in development.
Materials and methods

cDNA library
A urogenital chick embryonic stage 27 and 29 cDNA library was constructed. Degenerate HMG box primers were used to amplify SOX boxes from chicken genomic DNA. A probe was made from this PCR product and used to screen the library. Isolated cDNA clones were sequenced using Perkin Elmer Big dye chemistry sequencing kit. DNA analysis and protein alignments were performed with Mac Vector 6.5 (Oxford Molecular).
Digoxigenin (DIG) whole-mount in situs
White Leghorn Australorp chicken eggs were incubated at 37.88C to appropriate stages. Embryos were then killed and ®xed in 4% paraformaldehyde in PBS overnight. Embryos were processed for whole-mount in situ as described previously (Andrews et al., 1997) . A 410 bp Pst1 fragment from the 3 H end of the SOX8 cDNA clone was used as a template for antisense and sense riboprobes. This probe comprised the ®nal 180 bp of 3 H translated sequence (not including the HMG box) and the neighbouring 230 bp of 3 H untranslated sequence.
Note added in proof
During publication of this manuscript, mouse SOX8 and the human orthologue have been published elsewhere (Schepers, G.E., Bullejos, M., Hosking, B.M., Koopman, P., 2000. Cloning and characterisation of the Sry-related transcription factor gene SOX8. Nucleic Acids Res. 28, 1473±1480).
